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SELF REPLACING OLED MULTIBAR
PRINTBAR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to xerographic imagers using a light
emitter array. In particular, this invention 1s directed to
architectures, characteristics and methods of using a fault-

2

cilally when considering that the print speed calculation for
the single row page-width array of OLEDs leaves no room
for dead time. In addition, mmorganic diode based printbars
typically have a duty cycle well under 50% 1n part to
minimize blur in the process direction. Furthermore, the
calculated print-speed 1s the speed before degradation,
where the lifetime for the devices 1s the time to 50% output
decay.

TABLE 1

TECHNICAL DATA FOR A CONVENTIONAL SINGLE ROW OLED PRINTBAR

Light Emitter Inputs

Average Wavelength
Avg. Luminous Efficacy

LED Brightness

LED Current Density

Display Voltage
Number of Rows
Array Fill Factor

Optical Inputs

Lens Transmittance

Lens Effective F#
Lens Efficiency

Photoreceptor Dose
Page Property Inputs®

Document exc. Time

Fast scan resolution

Slow scan resolution

Fast scan length
Slow scan length

Fractional line Time

tolerant multibar arrangement for organic light emitting
diode (OLED) printbars used in such xerographic light
emitter arrays.

2. Technical Background

One of the fundamental design challenges for xerographic
imaging 1s getting enough light to the photoreceptor at
suflicient print speed while providing adequate service life-
time of the printbar. Rapid progress in OLEDs has produced
devices which emit light levels greater than computer moni-
tors (300 cd/m*~) and fluorescent tubes (3000 cd/m~) in both
white and 1n colors collectively spanning the visible spec-
trum.

Lifetime studies of OLEDs indicate that diode lifetime 1s
determined by the total charge passed through the OLED.
Thus the OLEDs operate for short times at high brightness
or for long times at low brightness. The lower end of the
OLED brightness range 1s most stable, generally sustaining
lifetimes of greater than 10,000 hours. The higher end of the
OLED brightness range 1s less stable. For example, OLED
devices operating at 1500 cd/m” currently have sustainable
lifetimes of only about 500 hours.

In a one-dimensional page-width array of such OLEDs
there 1s not enough brightness to print at a reasonable speed
with reasonable reliability for commercial uses. Table 1
outlines the technical data for a Xerographic printer using a
single row OLED printbar having OLED emitters operating
at 1500 cd/m>. The printbar is illuminating a photoreceptor
requiring about 7.5 ergs/cm®. Thus, the print-speed of the
single row device 1s about 0.29 pages/min. Moderate print-
speeds are above five pages/min, and a more desirable print
speed 1s about 30 pages per minute. The brightness deficit
determined by this rough calculation 1s about 100x, espe-
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Outputs
590 nm Surface Luminous Flux 0.4712 1 m/cm?
450 1 m/W  Surface Radiance 0.0010 W/cm*
1500 cd/m” Surface Radiance 10472.0 ergs/sec.cm”
25 mA/cm”® Photoreceptor Irradiance 103.778 ergs/sec.cm”
20 Volts Pixel Size 0.0085 cm
Pixel Current 1.79 uA
88% Array Emitting Area 0.26 cm”
Array Width 0.08 mm
90 % Array Emission 27.50 ergs/sec
4.°765 Array Current 0.623643 mA
1.0% Array (Max) Power 0.13 Watts
7.5 erg/cm® Power Efficiency 0.2094%
Page Dose 5758.05 ergs
0 sec Page Time 209.42 sec
300 in™* Line Time 82.12 msec
300 in! Print Speed 0.287 pages/min
14 1n Data Rate 0.051 MHz
8.5 1n
100%

The brightness deficit of currently available OLED
devices 1s too large to compensate simply by running the
diodes harder. For example, operating the OLEDs even
briefly at 15000 cd/m* would require such a high bias that
the OLEDs would quickly become 1noperative.
Furthermore, doing so would only increase the print speed
of the single row array to 3 pages/minute. In addition, the
total lifetime print volume of the xerographic imager (<9,
000 pages) is insufficient.

Commonly assigned U.S. patent application Ser. No.
08/785,230 to Fork, filed concurrently herewith, entitled
“Integrating Xerographic Light Emitter Array,” the disclo-
sure of which 1s incorporated herein by reference in its
entirety, discloses one approach for using OLEDs operated
at modest light levels to expose a photoreceptor drum or
belt. This 1s accomplished by staging an array of emitters in
the slow scan direction, and clocking the data through pixel
driving shift-registers synchronized with the movement of
photoreceptor past the array in the slow scan direction.
Increased emitter lifetime and the ability to operate at lower
light levels are achieved in proportion to the number of
stages.

Commonly assigned U.S. patent application Ser. No.
08/785,233 to Fork et al., filed concurrently herewith,
enftitled “Integrating Xerographic Light Emitter Array with
Grey Scale,” the disclosure of which i1s incorporated herein
by reference in 1its entirety, discloses another approach for
using OLEDs operated at modest light levels to expose a
photoreceptor drum or belt. This 1s accomplished by staging
rows of emitters 1n the slow scan direction and moving the
object image down the rows synchronously with the move-
ment of the photoreceptor past the array in the slow scan
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direction 1in a manner similar to U.S. patent application Ser.
No. 08/785,230. However, the entire printbar can be rewrit-
ten during each line time of the photoreceptor, which allows
the exposure on any spot on the photoreceptor to be varied
over a number of grey levels equal to the number of stages.

SUMMARY OF THE INVENTION

This 1nvention provides a fault tolerant active matrix
xerographic light emitter array. This invention also provides
a method for operating a fault tolerant xerographic light
emitter array.

The array includes pixels arranged 1n columns and rows,
with each pixel having a light emitter, and a control device
that activates a selected row of the pixels and deactivates all
of the other rows of the 1s pixels. When the selected row of
pixels becomes inoperative, the control device deactivates
the now-moperative selected row of pixels and activates a
different operable row of the pixels as the selected row. Data
drivers transmit light emission signals to the pixels located
in the selected row. Each light emitter may be an OLED.

The control device of the multibar xerographic light
emitter array may be a row select multiplexer that deacti-
vates rows by placing them 1n a high i1mpedance state. Each
pixel includes an anode and a cathode, either or both of
which may be shared in common with adjacent pixels 1n a
row or column. Organic emitting material may be deposited
over the anode or the cathode, with the other of the anode or
cathode deposited over the organic emitting material.

In addition, the data drivers may be at least one data
multiplexer. The value of every light emission signal may be
modified between successive frame periods, where a frame
per1od 1s defined as the time required for the photoreceptor
to move by one spot diameter. The multibar xerographic
light emitter array may also include a drive transistor 1n each
pixel, with the transistor being a thin film transistor (TFT)
made of polysilicon, amorphous silicon or cadmium
selenide. The transistor may also be made of single crystal
silicon.

The method includes arranging pixels into rows and
columns, deactivating all the rows of the array except for
one selected row, transmitting light emission signals to the
pixels located 1 the selected row and providing a light beam
from a light emitter located 1n each pixel of the selected row.
When the selected row becomes inoperative, the control
device deactivates the now-inoperative selected row, acti-
vates a different operable row as the selected row, and
continues operation.

A more complete understanding of this invention can be
obtained by considering the following detailed description in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention 1s 1llustrated in the accompanying
drawings, wherein like index numerals indicate like parts, in

which:

FIG. 1 1s a schematic view of an exposure system of an
imaging subsystem of a xerographic printer;

FIG. 2 1s a schematic view of a printbar in accordance
with a preferred embodiment of the invention;

FIG. 3 1s a schematic 1illustration of pattern anode and
cathode electrodes of the printbar 1n accordance with a first
preferred embodiment of the invention; and

FIG. 4 1s a preferred schematic view of a common
clectrode layout for an individual pixel of a printbar in
accordance with a second preferred embodiment of the
invention.
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4

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As described 1n detail below, this invention provides a
way to extend the lifetime of an OLED xerographic printbar
by creating a plurality of single row printbars on a substrate
and selecting a working single row printbar when a
currently-selected row of the printbar fails. All the single-
row printbars share common optics.

Imaging 1s done from a single row of emitters. The
emitters of the selected or operated row may operate at
higher brightness and higher current than the integrating
xerographic light emitter array and the integrating xero-
ographic light emitter array with grey scale discussed above.

The emitter area 1s extended by having multiple rows of
emitters. When one or more emitters of a currently selected
row of emitters burns out or decays to a level insufficient for
printing, the currently-selected row of emitters 1s deacti-
vated. A new row of emitters 1s activated and printing
continues. This 1s possible because the emitter rows are
closely spaced and share a lens wide enough to collect light
with adequate throughput for all rows. This technique 1s
applicable to a variety of emitters or light valves, but 1s
particularly suited to mexpensive OLEDs which are known
to degrade 1n proportion to the charged passed through them.

This 1nvention uses redundancy to extend the printbar
lifetime and to 1improve the fault tolerance and therefore the
yield of the device. The redundancy permits printing to be
restored without adjusting or replacing any mechanical
parts.

FIG. 1 schematically shows an exposure system 10 for a
LED array 20 1n accordance with this invention. The expo-
sure system 10 mcludes a position encoder 12, a photore-
ceptor 14, an 1maged line 16, a lens array 18, a LED array
20 and control electronics 22. As discussed above, since the
emitter rows of the LED array 20 are closely spaced, they
share the lens array 18, which 1s wide enough to collect light
from all the emitter rows.

FIG. 2 schematically illustrates a printbar 25 1 accor-
dance with a preferred embodiment of this invention. The
printbar 25 includes the LED array 20, a multiplexer 30 and
a plurality of data line drivers 32. The LED array 20, for
example, includes 64 rows of pixels extending in the direc-
tion of rotation of the photoreceptor 14, and 4200 columns
of pixels extending along an axis of rotation of the photo-
receptor 14. This forms a 14-inch-wide printbar having 300
spots per inch (SPI).

The data line drivers 32 can drive the LED array 20 with
as many levels of grey as the driver electronics permit. In
this example, the data line drivers 32 feed the anode side of
the diodes and the mulitplexer 30 feeds the cathode side of
the diodes. Thus, 1n FIG. 2, the anodes are common to all
columns and the cathodes are common to all rows. However,
the polarities can be reversed.

The multiplexer 30 places all rows except the currently-
selected row 1nto a high impedance state. Thus, light is
emitted only from the single row not placed in the high
impedance state. The multiplexer 30 may be 1implemented
with monolithic polysilicon with bonded connections to
silicon electronics, or any known technique for integrating
circuits 1nto a substrate.

Determination of when the degraded condition of the row
requires selecting an alternate row may be done 1n a variety
of ways. For example, a photodiode could directly monitor
the bar periodically to assess decay. Alternately, the photo-
receptor charge before and after exposure could be moni-
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tored with an electrostatic voltmeter. Another approach 1s to
set a preprogrammed operational life period to determine the
replacement interval. Many other approaches are also
possible, and are commonly used 1n the repair and moni-
toring of xerographic engines.

FIG. 3 shows an 1llustration of a portion of the active
matrix LED array 20 i accordance with a first preferred
embodiment of the invention. This embodiment includes the
multiplexer 30 and the data line drivers 32 of FIG. 2, and
patterned anode electrodes 210 and patterned cathode elec-

trodes 220 crossing at 90 degrees. In this embodiment, no
transistors are required within the emitting areas of the array
20. Either the cathode electrode layer or the anode electrode
layer can be formed first and patterned to form either the
cathode electrodes 220 or the anode electrodes 210, respec-
fively. The organic emitting material 1s then deposited over
the patterned set of either the cathode electrodes 220 or the
anode electrodes 210. Subsequently, the other of the cathode
clectrode layer and the anode layer i1s deposited over the
organic emitting material and patterned to form the other of
the cathode electrodes 220 or the anode electrodes 210. An
example patterning technique uses a higher resolution sten-
cil mask for the top cathode electrodes 220 or anode
clectrodes 210. Only a coarse evaporation aperture 1s needed
for the organic layers.

FIG. 4 1llustrates a second preferred embodiment of this
invention using a common anode or common cathode con-
figuration. Each pixel 300 of the array 20 mncludes a bottom
electrode 302 of the diode, which 1s either the anode or the
cathode, a drive TFT 304, a row enable line 306 and a data
line 308. The drain of the drive TFT 304 1s connected to the
data line 308. The source of the drive TFT 304 1s connected
to the bottom electrode 302 of the diode. The row enable line
306 1s made of, for example, gate polysilicon and 1s con-
nected to the gate of the drive TFT 304 of each pixel 300 in
a row of the array 20. Thus, all the gates in a row are
simultaneously turned on and off. Therefore, the gate volt-
age on the row enable line 306 controllably turns on or off
the diodes of the corresponding row of the array. However,
none of the other rows of the array are controlled by this row

enable line 306.

The required pixel current is less than 10A and 1s suffi-
ciently low that it can be provided by, for example, a small
polysilicon TFT. The row enable lines 306 are, for example,
gate polysilicon. A gate shunt (not shown) can increase
conductance, but may be unnecessary because the row
enable line 1s not switched rapidly. The data lines 308 are,
for example, metal.

A storage capacitor 1s generally not needed to supply
constant current to the OLED because only a single row 1s
used at a time for imaging. For this reason, the data lines are
excited during an entire line time. Thus, the pixel level
circuitry can be manufactured efficiently with only a single
drive TFT 304 per pixel, with no sample and hold circuitry
needed. This removes concerns about leakage current, which
1s the most sensitive property for polysilicon TFTs. The
TFTs may be made from polysilicon, amorphous silicon or
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cadmium selenide. In addition, single crystal silicon drive
transistors and their equivalents may be used 1n lieu of drive

TFs.

In this embodiment, the state properties of the pixels are
important only when the rows are “on”. Rows are either
always on or always off. In other words, a row 1s not
repeatedly switched on and off during operation, but 1is
continually on when 1t 1s operated.

In this second preferred embodiment, the top electrode
and the organic materials are not 1illustrated. The top
electrode, which 1s the other of the anode and the cathode,
1s a continuous layer deposited over the organic layers and
1s thus common to all pixels on the array. The pixels are
1solated from each other by the high spreading resistance of
the organic materials. The pixels are thus defined by the
bottom electrode.

In this embodiment, the active area of the diode 302 does
not overlap the drive TFT 304, the row enable line 306 or the
data lines 308. To achieve a higher fill factor, the area of the
pixel diode can be expanded to overlap these areas. This 1s
particularly effective for top emitting pixels which use, for
example, a transparent indium-tin-oxide anode. Top emitting
pixels additionally eliminate source degeneration in NMOS
architectures since, 1n such a common anode design, the data
lines define the low voltage side of the TFT channel.

During normal operation, only one gate enable line 306 1s
enabled. The other gate enable lines 306 of the array are
disabled and are only enabled to activate a new row after one
or more of the pixels of a currently-selected row has failed
or degraded to a nonfunctional level.

For either embodiment, a dielectric layer stack may be
used to achieve directed emission by creating a microcavity
structure as 1s commonly known. Doing so will increase the
throughput of the relay lens, allowing an overall increase 1n
the printspeed of the device. This dielectric layer stack can
be deposited either before or after the THFT/LED fabrication
stages, or both. If a high temperature process (i.c., a process
performed at greater than 150° C.) is required, it may be
preferable to deposit the dielectric layer stack before the
other layers. However, low temperature deposition of
organic layers could be used to form the stack, increasing
design flexibility.

The technical data for a fault tolerant xerographic light
emitter array 1s 1llustrated in Table 2, wherein a brightness
of 10000 cd/m” was chosen at 580 nm for operating a device
having a lifetime of 15000 mA-hr/cm~. Sixty-four rows of
LED elements were used 1n each column for a photoreceptor
requiring 2 ergs/cm” dose. This makes the emitter width

about 5 mm at 300 SPI. The lens efficiency 1s about 1%.

A 14-1inch-wide print drum or belt was assumed, leading
to a device area with a current draw and power consumption
of 27 mA and 400 mW respectively, which 1s well within the
capacity of chip bonded multiplexing silicon electronics. A
large polysilicon device may also be suited for a row select
multiplexer.

TABLE 2

TECHNICAL DATA FOR A 300 dpt OLED EMITTER ARRAY OPERATED IN
ACCORDANCE WITH THE FIRST PREFERRED EMBODIMENT OF THE INVENTION

Light Emitter Inputs

Wavelength
[Luminous Efficacy

Outputs

3.1416 1 m/cm”
0.0053 W/cm?

Surface Luminous Flux
Surface Radiance

633 nm
594 1 m/W
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TABLE 2-continued

TECHNICAL DATA FOR A 300 dpi1 OLED EMITTER ARRAY OPERATED IN

ACCORDANCE WITH TE

© FIRST PREFERRED EMBODIMENT OF THE INVENTION

Light Emitter Inputs Outputs
LED Brightness 10000 cd/m? Surface Radiance 52888.8 ergs/sec.cm?
LED Current Density 100 mA/cm® Photoreceptor Irradiance 524.129 ergs/sec.cm?
Display Voltage 15 Volts Array Width 4200 pixels
Number of Rows 64 Pixel Size 0.0085 cm
Array Fill Factor 90% Pixel Current 7.17 vA
LED Lifetime 15000 mAh/cm® Array Emitting Area 0.27 cm?®

Optical Inputs Array Height 5.42 mm

Lens Transmittance 90% Array Emission 142.02 ergs/sec
Lens Effective F# 4.765 Array Current 27.1 mA
Lens Efficiency 1.0% Array (Max) Power 0.41 Watts
Photoreceptor Dose 2 erg/cm®  Quantum Efficiency 0.3526%

Page Property Inputs Page Dose 1535.48 ergs
Document exc. Time 0 sec Page Time 10.81 sec
Fast scan resolution 300 in™* Line Time 4.24 msec
Slow scan resolution 300 in™! Print Speed 5.55 pages/min
Fast scan length 14 1n Data Rate 0.99 MHz
Slow scan length 8.5 1n Data Line Rate 0.24 KHz
Fractional line Time 100% Row Print Volume 49946 pages

Bar Print Volume

The LED bar consumes less than 1 watt and prints at 5.5
pages per minute. The data drivers may be wire bonded, tab
bonded or the like to the silicon circuitry or the monolithi-
cally integrated data multiplexers. The total data rate is
about 1 MHz, which 1s within limits of either single or
multi-tap data multiplexers. Due to the density of connec-
tions required to address a 300 SPI or greater resolution
printbar, multiplexers of some type may be required, since
this 1s close to the tab bonding density limit. The pixel
current 1s /.17 microamps.

Since the print volume for a row of pixels 1s about 50,000
pages, the print volume for a 64 row bar 1s about 3.2 million
pages. This represents a significant improvement in the
service lifetime of a printbar in accordance with the inven-
tion.

While this invention 1s described in detail herein with
specific reference to certain 1llustrative embodiments, it 1s to
be understood that there 1s no intent to be limited to these
embodiments. On the contrary, the aim 1s to cover all
modifications, alternatives, and equivalents falling within
the spirit and scope of the invention as defined by the
following claims. For example, the invention 1s applicable to
all types of 1maging devices that use light beams to form
images. Such 1imaging devices 1nclude facsimile machines,
copiers, printers, etc.

What 1s claimed 1s:

1. A fault-tolerant multibar xerographic light emitter
array, comprising:

a plurality of pixels arranged in a plurality of rows and a

plurality of columns;

a control device connected to the plurality of row that

[

actuates a currently-selected row of the plurality of
rows and deactivates all other rows of the plurality of
rows to perform single row 1maging with the currently-
selected row, wherein when the currently-selected row
becomes moperative, the control device deactivates the
currently-selected row and activates another operable
one of the plurality of rows as the currently-selected

row; and

a plurality of data drivers transmitting a plurality of light
emission signals to the plurality of pixels located 1n the
currently-selected row, respectively.

3196572 pages

30

35

40

45

50

55

60

65

2. The fault-tolerant multibar xerographic light emitter
array of claim 1, further comprising a plurality of light
emitters, one light emitter provided 1n each of the plurality
of pixels and outputting a light beam modulated according
to the corresponding light emission signal.

3. The fault-tolerant multibar xerographic light emitter
array of claim 2, wherein each light emitter 1s an OLED.

4. The fault-tolerant multibar xerographic light emitter
array of claim 3, wherein the control device 1s a row select
multiplexer that places the deactivated ones of the plurality
of rows 1n a high impedance state.

5. The fault-tolerant multibar xerographic light emitter
array of claim 3, further comprising at least one data
multiplexer, wherein the plurality of data drivers 1s arranged
into the at least one data multiplexer.

6. The fault-tolerant multibar xerographic light emitter

array of claim 3, wherein each of the plurality of rows
includes one of a common anode and a common cathode and

cach of the plurality of columns 1ncludes another one of the
common cathode and the common anode.

7. The fault-tolerant multibar xerographic light emitter
array of claim 6, further comprising organic emitting mate-
rial deposited over one of the common anode and the
common cathode, the other of the common anode and the
common cathode deposited over the organic emitting mate-
rial.

8. The fault-tolerant multibar xerographic light emitter
array of claim 3, wheremn each of the plurality of pixels
includes an anode and a cathode, wherein at least one of the
anode and the cathode 1s shared in common with adjacent
pixels 1 one of the plurality of rows and the plurality of
columns.

9. The fault-tolerant multibar xerographic light emitter
array ol claim 8, wheremn each of the plurality of pixels
further comprises a drive transistor.

10. The fault-tolerant multibar xerographic light emitter
array of claim 9, wherein the drive transistor 1s a drive thin
film transistor.

11. The fault-tolerant multibar xerographic light emitter
array of claim 10, wherein the drive thin film transistor 1s
made from one of at least polysilicon, amorphous silicon and
cadmium selenide.
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12. The fault-tolerant multibar xerographic light emitter
array of claim 9, wherem the drive transistor 1s a single
crystal silicon drive transistor.

13. The fault-tolerant multibar xerographic light emitter
array of claim 1, wherein each of the plurality of light
emission signals has a value modifiable between successive
frame periods.

14. A method for operating a fault-tolerant multibar
xerographic light emitter array, comprising;:

providing a plurality of pixels arranged 1n a plurality of
rows and a plurality of columns, each pixel including a
light emutter;

activating a currently-selected one of the plurality of rows
with a control device connected to the plurality of rows
to perform single row i1maging with the currently-
selected row;

deactivating all other ones of the plurality of rows with the
control device;

transmitting a plurality of light emission signals via a
plurality of data drivers to the plurality of pixels located
in the currently-selected row, respectively;

determining 1f the currently-selected row has become

inoperative; and

when the currently-selected row has become inoperative,

deactivating the currently-selected row and activating a
different operable one of the plurality of rows with the
control device as the currently-selected row.

15. The method of claim 14, further comprising
providing, from each of the plurality of pixels located in the
currently-selected row, a light beam from the light emaitter of
that pixel in accordance with a corresponding one of the
plurality of light emission signals.

16. The method of claim 14, wherein each of the plurality
of light ematters 1s an OLED.

17. The method of claim 15, further comprising placing
the deactivated rows 1n a high impedance state.

18. The method of claim 16, wherein the control device 1s
a row-select multiplexer.
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19. The method of claim 15, wherein the fault tolerant
multibar xerographic light emitter array includes at least one
data multiplexer, further comprising arranging the plurality
of data drivers into the at least one data multiplexer.

20. The method of claim 15, wherein each of the plurality
of rows 1ncludes one of a common anode and a common
cathode and each of the plurality of columns includes
another one of the common cathode and the common anode.

21. The method of claim 20, further comprising:

depositing organic emitting material over the one of the
common anode and the common cathode; and

depositing the other of the common anode; and the

common cathode over the organic emitting material.

22. The method of claim 15, further comprising
providing, 1n each of the plurality of pixels, an anode and a
cathode, wherein at least one of the anode and the cathode
1s shared in common with adjacent pixels 1n one of the
plurality of rows and the plurality of columns.

23. The method of claim 22, further comprising providing
a drive transistor 1in each of the plurality of pixels.

24. The method of claim 23, wherein the drive transistor
1s a drive thin film transistor.

25. The method of claim 24, further comprising making
the drive thin film transistor from one of at least polysilicon,
amorphous silicon and cadmium selenide.

26. The method of claim 23, further comprising making
the drive transistor from at least a single crystal silicon.

27. The method of claim 14, further comprising modify-
ing a value of any of the plurality of light emission signals
between frame periods.

28. The method of claim 14, wherein the determining step
comprises at least one of:

determining 1f at least one of the pixels of the currently-
selected row has become 1noperative; and

determining 1f an operation of at least one of the pixels of
the currently-selected row has degraded below a pre-
determined performance threshold.
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